Hyaluronic acid, a mucopolysaccharide, is present in a variety of tissues, including the skin, vitreous humor, and synovial fluid. It is depolymerized and hydrolyzed by hyaluronidase, with the liberation of a hexosamine and glucuronic acid. A significant elevation of tissue hexosamine occurred at the injection sites and in the subsequent "nodules" following the subcutaneous injection of trypsin. The subcutaneous injection of hyaluronidase alone caused no change; it was rapidly and completely diffused. The subcutaneous "nodules" and significant hexosamine changes which developed at the sites where trypsin was injected into a hyaluronidase-treated area closely resembled those which occurred with tryspin alone. Of interest is the significant leukocytosis which occurred only in those rabbits which received both hyaluronidase and trypsin.
T HE GROUND substance of connective tissue contains a salt of an acidic substance which in water produces a highly viscous solution. This substance is presumably secreted by the connective tissue cells. Although it allows metabolites to pass through it, it has the important function of offering resistance to penetration by foreign matter such as infectious agents.' -4 A complex mucopolysaccharide consisting of d-glucuronic acid and n-acetyl-d-glucosamine has been isolated from rabbit skin.3-6 This compound has been called hyaluronic acid. That this mucopolysaccharide is not limited to the skin is evident by its presence in the following tissues: aqueous and vitreous humor,7 8 Wharton's jelly of the umbilical cord,9 synovial fluid,'0 pleural fluid," fowl tumor,'2 and mucoid strains of Group A streptococcus.9 It has been demonstrated that hyaluronic acid is depolymerized and hydrolyzed by enzymes classified as mucinases, of which hyaluronidase is one.'-' These mucinases This Study was aided by grants from the American Legion and Helen Hay Whitney Foundation. are present in testes, some bacteria, and in the poisonous secretions of animals and reptiles.'-1' A dramatic increase in the spreading of foreign material through connective tissue results from the action of the mucinase, hyaluronidase, on the substrate hyaluronic acid. The effect of hyaluronidase on hyaluronic acid in vitro ''appears to go through three stages: (a) a separation of the protein residue, (b) a rapid depolymerizing action on the polysaccharide with diminution of the viscosity of aqueous solutions, and (c) a partial or complete hydrolytic action with liberation of n-acetyl-dglucosamine and d-glucuronic acid."' In view of these facts and also in view of the fact that a marked and significant increase in hexosamine-containing substance has been found to occur at the injection sites of crude and crystalline trypsin preparations,'3 1 ' it was decided to ascertain whether a single subcutaneous injection of hyaluronidase alone or the combined subcutaneous injections of hyaluronidase and trypsin would result in (a) "nodule" formation or other local tissue changes at the sites of injection, (b) other visceral lesions, (c) any significant tissue and/or plasma hexosamine changes, (d) any significant hematological changes.
MATERIALS AND METHODS
Twenty-two young male albino rabbits ranging in weight from 1.6 to 2.25 kilograms were employed in this study. The rabbits were obtained from the same source and fulfilled the same criteria regarding their clinital state as those employed in the previous studies."5' 14 These rabbits were subjected to the same procedures and treatment, except for the inoculant, as those employed in the previous investigations.
(70 mg.) of the substrate employed from 60 seconds to 15.4 seconds within four minutes.
Crystalline Trypsin. Twice-crystallized bovine trypsin was prepared as a 1 per cent solution in accordance with the method described in the previous studies.13 14 All solutions were Seitz filtered and bacteriologically checked for sterility before use. The proteolytic activity of these enzyme preparations was determined according to the method of 
Hyaluronidase.* Bovine testicular hyaluronidase containing 144 turbidity-reducing units per milligram, according to Schering's assay, was prepared as a 2 per cent solution with physiologic saline and buffered with phosphate to a final pH 7.40. The activity of this preparation at the time of use was measured by the Ostwald viscometric method, using 0.1 per cent phosphate buffered potassium hyaluronate solution pH 7.40 as the substrate. Anson and Mirsky.11 The methods for the measurement of the "nodules," the determination of the hexosamine content of the plasma and tissue, and the statistical treatment of the results which were employed in this study have been described in detail in the earlier reports. The animals employed as controls for this investigation are the same as those used in the previous studies.'3, 14 The hematologic studies performed in this problem were limited to red blood cell counts, white blood cell counts, and differential white blood cell counts. These observations were carried out throughout the entire study period on the blood obtained from the marginal ear veins of unanesthetized Xabbits, before and after receiving the inoculants. A Spenser Bright Line Hematocytometer was used for all counts. The blood smears for the differential white blood cell counts were stained with i\IacNeil's Tetrachrome stain.
PROCEDURE AND RESULTS
In each of a series of eleven animals a single injection of 0.3 ml. of a 2 per cent hyaluronidase was the development of a small superficial area of necrosis at one injection site in one animal on the third postinoculation day. The hexosamine content of the injection sites and other tissues such as the tendon of Achilles, which is subjacent to the inoculation site, and the skin covering the quadriceps femoralis, which is distant from the injection site, did not exhibit any significant deviation from the normal (table  2) . The plasma hexosamine content, however, did exhibit a significant elevation (table 2) . Concomitant hematologic studies demonstrated no significant change in the red cell counts, white blood counts, or differential counts (table  3) . Thus, hyaluronidase per se failed to cause any macroscopic tissue change locally at the injection site, or any significant hematologic or tissue hexosamine changes other than the plasma hexosamine. It is conceivable that trypsin, if given soon after a subcutaneous injection of hyaluronidase, may come in contact with and act on a greater amount of the same type of protein which gave rise to the "nodules," or perhaps come in contact with and act upon a new type of protein substrate. To learn whether trypsin introduced subcutaneously into tissues recently treated with hyaluronidase would result in (a) "nodule" formation or other local lesions, (b) other visceral lesions, (c) any significant tissue and/or plasma hexosamine changes, and (d) any significant hematologic alterations, the following study was instituted.
Three-tenths of a milliliter of a 2 per cent hyaluronidase solution containing 6 mg. of the enzyme was subcutaneously injected into a shaved area on the plantar aspect of each of the hind legs of a series of 11 rabbits. An immediate, complete, and dramatic diffusion of the inoculant occurred without any immediate or delayed local reaction. Twenty minutes later, 1.0 ml. of a 1 per cent crystalline trypsin solution containing 5 mg. of the enzyme (50 per cent of the enzyme preparation consists of magnesium sulfate), was subcutaneously injected into these very same areas. This inoculant diffused from the injection site almost as rapidly as did the hyaluronidase. This is in contrast to the very slow diffusion which occurredl when trypsin alone was injected.12"3 84L0 Nevertheless, within five to seven days there appeared locally at each of the injection sites a distinct, firm, nontender, well-defined, elevated mass, which progressively increased in size to attain its maximum in fifteen to twenty days and then slowly regressed. At the ter-of the tissue hexosamine content occurred at the site of the subcutaneous injections of trypsin and hyaluronidase (table 2, fig. 1 ). It is to be noted ( fig. 1 ) that the hexosamine elevation which occurred within twenty-four hours after inoculation persisted throughout the thirty-day .10
hexosamine changes noted. The entire inoculating dose of crystalline trypsin contained 0.006 mg. hexosamine, and that of hyaluronidase contained 0.0018 mg. hexosamine. The injection sites and "nodules" exhibited an increase in hexosamine content, averaging forty times the hexosamine content of the inoculant. Of particular interest is the fact that these rabbits exhibited a leukocytosis which was significantly elevated above the normal (table 3) . However, there was no significant change in the red blood cell counts or differential counts.
DIsCUSSION
The rapid, dramatic, and complete diffusion of the subcutaneously injected hyaluronidase is in Meyer's opinion due to the "depolymerization of the hyaluronate gel, either by the hydrolysis of the glucosaminidic linkage or by hydrolysis of the anhydride linkages."' Other than this, subcutaneously injected hyaluronidase did not give rise either to any macroscopic tissue change, or to any significant tissue hexosamine alteration either locally or elsewhere, nor were there any significant hematologic changes. An outstanding exception to these findings is the significant elevation of the plasma hexosamine content which occurred in those animals treated with hyaluronidase alone. This observation points out the lack of any necessary correlation between the changes of the plasma hexosamine and the hexosamine contents of the tissues studied. Similar plasma results were noted in the animals treated with chymotrypsin, lysozyme, or bovine serum albumin.
The subcutaneous "nodules" which developed at the sites where crystalline trypsin was injected into a hyaluronidase-treated area were macroscopically very similar to those which occurred following the subcutaneous injection of trypsin alone.' In addition, the developmental course of these "nodules" was very similar to that which occurred in the animals inoculated with trypsin alone, as evidenced by the fact that in rabbits treated successively with hyaluronidase and trypsin, the "nodules" appeared in five to seven days, and reached their maximum size in fifteen to twenty days (table 1). In the series treated with trypsin alone, "nodules" developed in four to seven days and attained their maximum size in fourteen to eighteen days."2 Another feature common to both these series was the significant elevation of the plasma hexosamine.
Another very interesting observation noted in the rabbits which were treated with both hyaluronidase and trypsin was the significant increase in the white blood cells (table 3) . No significant alteration of the red cell count oIr differentials occurred.
In view of the fact that hyaluronidase per se did not elicit any significant hematologic response, and particularly in view of the fact that the two groups of rabbits of this study, except for the addition of a second inoculant to one group, were subjected to and maintained under the same conditions and treatment, it would appear that the leuikocvrtosis was somehow related to the enzyme trypsin. Evidence in favor of this view is the observation that similar hematologic changes occurred in rabbits which received trypsin either subcutaneously or intravenously, whereas saline did not provoke any significant hematologic change.'6 It is a matter of conjecture whether chondroitin sulfate, a second mucopolysaccharide present in skin,4' which is, according to Meyer,4 "firmly bound to protein" and "hydrolysed by testicular hyaluronidase to varying degrees," played any part in the results obtained.
The fact that the hyaluronidase preparation is completely devoid of any proteolytic activity, as determined by the Anson-Mirsky method,'5 adds weight to the view that the "nodule" formation, significant hexosamine changes of the injection sites and "nodules," and significant white blood cell count increase were somehow related to the proteolytic enzyme, trypsin. SUMNMARY 1. Five to seven days following a single subcutaneous injection of 1.0 ml. of a 1 per cent crystalline trypsin solution into the plantar aspect of the hind legs of rabbits which were previously inoculated with 0.3 ml. of a 2 per cent hyaluronidase solution, there developed at the injection sites distinct, firm, nontender, elevated masses. 2. The "nodules" progressively increased in size to reach their maximum in fifteen to twenty days postinoculation.
3. At no time during the developmental course of these "nodules" was there any evidence of erythema, tenderness, eschar, necrosis, breakdown, fluctuation, or fixation to the underlying tissue. 4. A significant increase in the hexosamine content of the injection sites and of the "nodules" which subsequently developed was observed to occur soon after the injection of crystalline trypsin into the hyaluronidasetreated area and persisted throughout the thirty-day period of observation. 5. A significant increase in the white blood cell count, unassociated with any significant change in the red blood cell count or differential count, was observed to occur only in those rabbits which received the subcutaneous injections of both hyaluronidase and trypsin.
6. The subcutaneous injection of 0.3 ml. of a 2 per cent hyaluronidase solution, with one exception, did not give rise to any macroscopic tissue changes or tissue hexosamine changes, either locally or elsewhere. The one exception was the occurrence of a small superficial area of necrosis at one injection site in only one animal.
7. The occurrence of a significant elevation of the plasma hexosamine in the group which did not exhibit any significant tissue hexosamine change illustrates the lack of any necessary correlation between the plasma and tissue (studied) hexosamine following the subcutaneous introduction of the test substance.
